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As part of the Salish Sea Marine Survival Project, we are building 
an ecosystem model to examine factors that are individually or 
cumulatively responsible for recent increases in salmon mortality

ÅChanges in bottom-up processes? (nutrients, productivity, climate)

ÅChanges in top-down processes? (predation)

ÅChanges in other food web processes? (competition)

ÅChanges in other drivers? (contaminants, fishing, habitat)

ÅDifferences among basins?



We are developing this ecosystem model 
using the Atlantis software

ÅSpatially explicit model domain

ÅLinks physics, chemistry, biology, & management

ÅFlexibility with ecological processes

ÅDozens of Atlantis models developed worldwide, mostly for 
comparing fisheries management options in the context of 
environmental variability

Å! άǎŀƴŘōƻȄέ ŦƻǊ ǎǘǊŀǘŜƎƛŎ ƳƻŘŜƭ ŜȄǇŜǊƛƳŜƴǘǎ

ÅDownside: complex, data intensive, and model run times are 
sllllllllowwwwwwww...



Weijermanet al. 2015, PLOS ONE 10:e0144165

Example: ecosystem services of corals around Guam

Å55 spatial polygons

Å 42 functional groups, from bacteria up to sea turtles

ÅKey drivers of coral reef system dynamics:
ÅDƭƻōŀƭ ŎƘŀƴƎŜ όҧ ǘŜƳǇŜǊŀǘǳǊŜΣ Ҩ ǇIύ
ÅNutrient/sediment loading
ÅFishing

ÅScenarios:
Å IPCC high CO2-emission scenario to 2050
Å Increased point and non-point nutrients, sediment
Å Increased fishing



Weijermanet al. 2015, PLOS ONE 10:e0144165

Example: ecosystem services of corals around Guam

Massive corals

Branching corals

Å Climate change (which causes coral bleaching) becomes increasingly dominant in 2020s
Å/ǳǘǘƛƴƎ ƴǳǘǊƛŜƴǘǎ ŀƴŘ ǎŜŘƛƳŜƴǘ ό[.{tΤ ŘŀǎƘŜŘ ƭƛƴŜǎύ ƘŜƭǇǎΣ ōǳǘ ŎŀƴΩǘ ǎǘŀǾŜ ƻŦŦ ŎƭƛƳŀǘŜ ŜŦŦŜŎǘǎ
Å Fish production declines too, though sustained somewhat by increases in algal production



Puget Sound Atlantis model
Å89 polygons, up to 6 depth layers

Å~75 functional groups, from bacteria to whales; 
20 different salmon stocks

ÅCirculation derived from a fine-scale grid-based 
ROMS model (Parker MacCready, UW)

ÅBoundary boxes in north and west allow for 
migratory animals to enter/exit through straits

ÅCovers marine waters only (below estuarine 
deltas), but we can simulate riverine inputs of 
nutrients, sediments, etc.
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3-dimensional structure of Atlantis

Daily/12h oceanographic fluxes

(water, heat, salinity)

into, out of each box are

controlled by a

circulation model

Fulton, E. A. 2004. Ecological Modelling, 173:371-406
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Sutherland et al. (2011)

Atlantis dynamic structure
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